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ABSTRACT

This thesis describes the design and employment of a general transportation and
distribution simulation toolbox and an extension to that toolbox used to model the
instream offload of a Marine Expeditionary Unit (MEU) Slice of a Maritime
Prepositioning Force (MPF). The Simulated Mobility Modeling and Analysis Toolbox
(SMMAT) is a toolbox of object oriented modules written in MODSIM II® by faculty and
students, including the author, of the Naval Postgraduate School for transportation and
distribution modeling. The MEU Slice offload model is built as an extension to SMMAT,
with itself being easily extendible to model other aspects of MPF operations. The objective
of this thesis was twofold, (1) to build SMMAT and demonstrate its feasibility as a
toolbox, and (2) to determine which of four asset distribution setups ashore, at varying
levels of equipment reliability, will allow for the fastest offload and throughput of the
MEU slice. This thesis successfully demonstrated SMMAT's usefulness as a transportation
and distribution simulation toolbox, and the MEU Slice study indicates that no one

distribution setup ashore is statistically faster than any other one.
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EXECUTIVE SUMMARY

A. BACKGROUND

Following the Iranian hostage crisis of 1979, the Department of Defense began
exploring the concept of using prepositioned equipment to aid in contingency rapid
response. The Marine Corps' long term answer to this initiative was the formation of
today's Maritime Prepositioning Force (MPF). The MPF is the marriage of a Maritime
Prepositioning Ship (MPS) Squadron (MPSRON) and a Marine Expeditionary Brigade
(MEB). Three MPSRON's are afloat independently throughout the world awaiting the call
to(join with a Marine Air Ground Task Force (MAGTF) for rapid deployment in case of
crisis prevention and intervention.

When the MPS's were first loaded (1984 - 1986), all ships were evenly loaded with
equipment and supplies to reduce the impact of one or more ships being lost or unable to
participate in an operation. This spreadloading forced the use of the entire MPSRON or
no}le of it. The MPSRON could not effectively offload just the equipment and supplies
needed to support a smaller MAGTF. In the mid to late 1980's, the following force
modules were developed, and later implemented, for a more flexible employment of the

MPF.

the MEU Slice - all equipment comes from one MPS ship, capable of providing
2,700 Marines with 15 days of sustainment.

. the Low Intensity Conflict MEB [LIC MEB (1)] - all equipment comes from two
MPS ships and an afloat MEU of four or five amphibious ships. It is capable of
providing 12,500 Marines with 30 days of sustainment.

the LIC MEB (2) - from three or four MPS ships (depending on which MPSRON is
involved). It is capable of providing 12,500 Marines with 30 days of sustainment.

the full MEB - the entire MPSRON. It is capable of providing 16,500 Marines with
30 days of sustainment.




B. MPF OPERATIONS

The MPF may be employed in many types of situations, from a humanitarian
assistance effort utilizing a MEU Slice to the employment of an entire MEF with all three
MPSRON's. Every MPF employment can be broken into four distinct phases: the planning
phase, the marshaling phase, the movement phase, and the arrival and assembly phase. The
first three phases can occur simultaneously or partially overlap in time; they constitute the
most administrative aspects of the operation. Phase IV, the arrival and assembly phase, is
the most crucial phase of an MPF operation. During the arrival and assembly, the
equipment and supplies flow from the ships to the port and beach, and then from the port
and beach to the Marine units inland. The arrival and assembly phase is the area of interest

for this thesis.

C. METHODOLOGY

An MPF offload is not a serial process and cannot be easily modeled analytically.
Many events occur simultaneously, such as crane operations aboard ship and Logistics
Vehicle System (LVS) / Rough Terrain Container Handler (RTCH) operations ashore.
Simulation was chosen as the modeling method, using the object oriented simulation
language MODSIM II®, in that it easily allows parallel events to occur. Previous
simulation models have looked at similar aspects of ship offloading, but for container-only
and vehicle-only offloads. Because the MEU Slice offload takes much less time than a
multiple ship offload, it is very sensitive to errors in assumptions. Therefore, this model
has greater fidelity so that assumptions as to when the LVS's and RTCH's get ashore are
unnecessary. Each specific piece of equipment is modeled, not just generic vehicles and
containers. When an LVS or RTCH gets ashore in this model, it becomes available to
move and load containers.

This simulation was written using the Simulated Mobility Modeling and Analysis
Toolbox (SMMAT), of which the author was a co-developer. The need for this product
was conceived by Professor Mike Bailey and Professor Bill Kemple of the Naval




Postgraduate School in January 1994, to allow students to conduct thesis research on
logistics problems on a larger scale than previously possible. SMMAT is a collection of
objects and processes designed to facilitate the modeling of materiel movement along a
network. The primary components of SMMAT are junctions, transporters, loaders, and
cargo. Within SMMAT, cargo is moved between junctions by transporters, and is
transferred between junction and transporters with loaders. Delivery can be determined by
the route of the transporters, or can be determined strictly on the basis of cargo
destination, with SMMAT choosing the transporter based on availability and compatibility
with cargo, junction, and loader. Once SMMAT was operational, it was used as the basis

for the author's MEU Slice model.

D. DATA ANALYSIS / CONCLUSION

SMMAT proved to be extremely useful as the toolbox on which the author's MEU
Slice Model was built. Once completed, it provided the author with a steady base on
which to then produce a more specific model. This thesis demonstrated SMMAT's
usefulness as a toolbox; with this powerful modeling toolbox now available, future
students will now be able to study more difficult problems in much more detail.

The experiment for this thesis, which tested time to completion of the MEU Slice
offload, was conducted as a 2 x 4 full factorial design, with the simulation model being
used to generate data for each of the configurations that resulted from four setup options
and two reliability levels. Each run produced 30 replications. The data collected was first
analyzed with a two-factor Analysis of Variance (ANOVA), followed by graphical analysis
and pairwise differences. '

From the eight experiments run, it was determined that there was no significant
differences between the setup options or reliability levels, or any significant interaction
between the two. Future study is recommended as this is not what the author was
anticipating. Additional analysis should include increasing fidelity between the RTCH's and

LVS's, with a comparison against the original results to test for a significant difference.

Xii




I. INTRODUCTION

A. MARITIME PREPOSITIONING FORCE (MPF) BACKGROUND

Following the Iranian hostage crisis of 1979, the Department of Defense began
exploring the concept of using prepositioned equipment to aid in contingency rapid
response. The Marine Corps' answer to this initiative was the formation of the Near-Term
Prepositioning Force (NTPF), the precursor of today's MPF. The NTPF, deployed in the
Indian Ocean, was made up of seven ships containing equipment for the 7th Marine
Expeditionary Brigade (MEB).' The NTPF was designed to be a short term solution until
the MPF was operational. This could not occur until the thirteen ships of the three
Maritime Prepositioning Ship (MPS) Squadrons (MPSRON's) were completed. (CRM
89-339, pp. 3, 4).

These three MPSRON's are afloat independently throughout the world (in the
Atlantic Ocean, the Pacific Ocean, and in the Indian Ocean) awaiting the call to marry up
with a Marine Air Ground Task Force (MAGTF). This marriage of an MPSRON with the
personnel of a MAGTF produces an MPF. The MPF concept follows that of the NTPF,
to allow for the rapid deployment of a MEB for crisis prevention and intervention. The
MPF's provide the United States with ".. a balanced, sustainable, multi-role,
mi'ddleweight, combined arms crisis response team." (Dalton, Kelso, and Mundy, April
1994, p. 20)

When the MPS's were first loaded (1984 - 1986), all ships were evenly loaded with
Maritime Prepositioned equipment and supplies (MPE/S) to reduce the impact of one or

more ships being lost or unable to participate in an operation. This spreadloading forced

' A MEB is a specific type of Marine Air-Ground Task Force (MAGTF). A MAGTF is
formed when headquarters, aviation, ground combat, and ground combat service support
personnel are brought together under one command for a specific mission or objective.
The three most common MAGTG's are, from largest to smallest, the Marine
Expeditionary Force (MEF), the MEB, and the Marine Expeditionary Unit (MEU).



the use of the entire MPSRON or none of it. The MPSRON could not effectively offload
just the MPE/S needed to support a smaller MAGTF. In the mid to late 1980's,
dissussions throughout Headquarters, Marine Corps (HQMC) centered around the
possibility of restructuring the MPSRON's. Though the MPF had been extremely
successfull in past operations, it needed to be made more responsive and flexible for future
contingencies (A.M. Gray, Speech, 1 Sept 1989). Due to these discussions, the
Commanding Generals, Atlantic and Pacific Fleet Marine Forces (CGFMFLant and
CGFMFPac) were tasked to study and develop a suite of varying MPF force modules for
use by the Unified Commanders in case of contingencies and crises. Following this initial
study, the Center for Naval Analysis (CNA) was asked to refine this concept of force
modules. From CNA's study, the present Force Module Concept was born. This concept
allows for more flexible MPF employment; each MPSRON can be unloaded in different

ways to let it meet any one of the following four distinct threat levels:

the MEU Slice - all equipment comes from one MPS ship, capable of providing
2,700 Marines with 15 days of sustainment.

the Low Intensity Conflict MEB [LIC MEB (1)] - all equipment comes from two
MPS ships and an afloat MEU of four or five amphibious ships. It is capable of
providing 12,500 Marines with 30 days of sustainment.

the LIC MEB (2) - from three or four MPS ships (depending on which MPSRON is
involved). It is capable of providing 12,500 Marines with 30 days of sustainment.

the full MEB - the entire MPSRON. It is capable of providing 16,500 Marines with
30 days of sustainment. (CNA CNR 190, March 1991, p. 3)

Desert Shield and Desert Storm provided the Marine Corps with the opportunity to
reconfigure the MPSRON's with the force modules sooner than expected. When the
MPSRON's were regenerated after Desert Storm, the ships could be loaded under with

the new force modules in place.”

2 Regeneration is the methodical approach to restore the MPSRON to its original
strength and to attain full operational capability. In this case, it involved restructuring the
types and quantities of MPE/S aboard the individual ships.



B. PROBLEM

During the Cold War, all MPF operational and logistical planning was completed
assuming full employment of the force. In the Post Cold War era, using the force modules,
it is no longer guaranteed that an MPF will be deployed in full. The MPF has "a capability
of individua! ship, squadron, or force employment to deliver on-scene humanitarian
assistance or a fully combat-ready Marine Expeditionary Force." (Dalton, Kelso, and
Mundy, April 1994, p. 20) A very likely scenario is the deployment of the MEU Slice, the
smallest of the four levels, in a humanitarian assistance effort. This would be similar to
OPERATION RESTORE HOPE, the humanitarian relief of Somalia, but on a smaller
scale. Present MPF doctrine calls for the rapid deployment of a MAGTF and MPSRON to
a secure environment where the offload and marrying up can occur (FMFM 1-5, p. 1-1).
In the humanitarian assistance scenario, the offload environment may not be quite as
secure as hoped. The total offload and throughput time becomes critical since the Marines
supporting the operation are extremely vulnerable until their marriage with the MPE/S is
complete.

In the worst case, the MEU Slice would have to be offloaded with MEU Slice
equipment only. This would occur if no port facility was available; the offload would then
proceed instream vice pierside’® But, the MEU Slice includes only limited material
handling equipment (three Rough Terrain Container Handlers [RTCH's]) and
transportation assets (seven Logistic Vehicle Systems [LVS's]), so the allocation of these
resources is believed critical to minimizing the throughput time. Also, since the force
modules are relatively untried, the best setup of the Arival and Assembly Area (AAA) for

a MEU Slice offload supporting a humanitarian assistance effort is not known.* This thesis

*  An instream offload occurs when the ship anchors offshore and lighterages transport

the equipment and supplies ashore.

*  The best setup is the one that allows for the quickest marriage of Marines and

equipment.




will look at four possible setups of the AAA and determine which provides for the
quickest offload and throughput.

The setup of the AAA is determined by the RTCH allocation. Each Container
Operations Terminal (COT), designed to receive all containers for the associated Major
Subordinate Element (MSE), will require at least one RTCH.’ The following describes the
four candidate organizational options within the AAA for the setup of the COT's.

- One COT, using two RTCH's at the beach and one RTCH at the COT.
- One COT, using one RTCH at the beach and two RTCH's at the COT.

Two COT's, using one RTCH at the beach and one RTCH at each COT. The first
COT will receive containers for the CE and the GCE, the second COT, for the
CSSE and the ACE.

. Two COT's, using one RTCH at the beach and one RTCH at each COT. The first
COT will receive containers for the CE, the GCE, and the CSSE; the second COT,
for the ACE.

The setup which gives the quickest offload and throughput is not necessarily the setup that
the MAGTF Commander should choose. The quickest setup may not be the most
tactically sound. This model will provide him with one extra piece of information with

which this decision can be made.

> The MSE's are the Command Element (CE), the Ground Combat Element (GCE), the
Combat Service Support Element (CSSE), and the Aviation Combat Element (ACE).



II. MPF OPERATIONS

A. MPF OVERVIEW

The MPF may be employed in many types of situations, from a humanitarian
assistance effort utilizing a MEU Slice to the employment of an entire MEF with all three
MPSRON's. Every MPF employment can be broken into four distinct phases: the planning
phase, the marshalling phase, the movement phase, and the arrival and assembly phase
(OH 1-5-1, pp. 1-5, 1-6). The first three phases can occur simultaneously or partially
overlap in time. In addition, they constitute the most administrative aspects of the
operation. Phase IV, the arrival and assembly phase, is the "final and most crucial phase of
an MPF operation." (FMFM 1-5, p. 8-1) The first three phases are controlled by both the
MAGTF Commander and the Commander, MPF (CMPF). The MAGTF Commander
controls the ground and air side of planning, marshaling, and movement while the CMPF
controls the sea aspects. They must also coordinate so that all issues are covered. The
arrival and assembly phase is where most of the interaction takes place. The CMPF
controls the flow of equipment and supplies from the ships to the port and beach, while
the MAGTF Commander controls the flow from the port and beach through the AAA.
The arrival and assembly phase is the area of interest for this thesis. Before the specifics of
the arrival and assembly are discussed, a general understanding of the entire MPF

operation is necessary.

1.  The Phases of Operation

a.  Planning Phase

The planning phase starts with the issuance of a warning order and
continues throughout the entire operation (FMFM 1-5, p. 2-8). This phase encompasses
both contingency and execution planning. Contingency planning takes place when only a

hypothetical situation is known while execution planning occurs when the commitment of




a force is imminent. (FMFM 1-5, pp. 3-1, 3-2). The concepts for marshaling, movement,
and arrival and assembly are developed during this phase. The MAGTF Commander and
the CMPF must work together in this phase.

b. Marshaling Phase

The marshaling phase begins with the first Marines and Sailors arrive at a
marshaling area and is complete when the final aircraft leaves the departure airfield.
(FMFM 1-5, p. 2-10) The movement of Marines and equipment from their home base to
the marshaling area falls within this phase. This is controlled by the MAGTF Commander.

c¢. Movement Phase

The movement phase begins when the first Marines or ships begin
transiting toward the Area of Operations and ends with the last Marine or ship entering the
AAA (FMFM 1-5, p. 2-12). During this phase, the Force is separated into elements that
will deploy by air, the Fly in Echelon (FIE), and the elements that will deploy by sea, the
MPSRON and associated support ships. The MAGTF Commander controls the FIE while
the CMPF controls the movement by sea. A detailed breakdown of the FIE will appear
later.

d.  Arrival and Assembly Phase

The arrival and assembly phase begins with the arrival of the first Marine
of the Main Body or ship of the MPSRON at the AAA and is complete when the MAGTF
is combat capable. The CMPF decides when termination of the MPF operation is
necessary, based on the recommendation of the MAGTF Commander. It is not necessarily
when the final supply or piece of equipment is married with its designated unit. This phase
includes the reception of all Marines and equipment and the distribution of equipment and
supplies to the Marines (FMFM 1-5, p. 2-14). The MAGTF Commander controls
operations ashore while the CMPF controls operations at sea. The MAGTF forms
separate arrival and assembly organizations fo execute the timely and thorough throughput

of equipment and supplies.




2. The Fly-In-Echelon (FIE)

a.  Survey, Liaison, and Reconnaissance Party (SLRP)

The purpose of the SLRP is to assess conditions, conduct initial
reconnaissance, and make liaison with local authorities, if appropriate, and to report the
findings to MAGTF Commander. Ideally it will deploy five to seven days prior to the
MPSRON. (MPF Staff Planning Course [SPC], p. HO-315-1-2)

b.  Offload Preparation Party (OPP)

The OPP is a temporary element comprised of maintenance personnel,
embarkation personnel, and equipment operators; its purpose is to help the ships' crews
prepare offload systems and equipment for debarkation once they arrive in port. The OPP
ideally will meet the MPSRON no later than four days before it arrives at the AAA. The
OPP will dis-establish on arrival at the AAA, and its members will become the skeleton of
the debark crew. (MPF SPC, pp. HO-314-1-2 - HO-314-1-4)

¢.  Advance Party
The Advance Party is the next element of the FIE to arrive at the AAA, it
is made up of representatives from all MSE's. They link up with the SLRP to organize
offload control agencies and to ready the AAA for the Main Body arrival. They also
augment the OPP to form the remainder of the debarkation crew.
d. Main Body
The Main Body is comprised of the rest of the FIE Marines not
mentioned in one of the previous elements. It also includes equipment necessary for the
operation. For a full MEB offload, it should not exceed 250 sorties aboard Air Force
transports. The Main Body arrival at the AAA must be coordinated in such a way as to

mirror the offload of the ships.




e. Flight Ferry
The Flight Ferry involves the aircraft from the ACE that can self-deploy
to the AAA with support of aerial refueling (FMFM 1-5, p. 7-4).

3. Arrival and Assembly Organizations

a.  Arrival and Assembly Operations Group (AAOG)

The AAOG, whose nucleus is from the SLRP, is comprised of personnel
from all MSE's of the MAGTF, and it is responsible for coordination of the arrival and
assembly operations. This includes both the flow of personnel and equipment from the
arrival airfield to the AAA and the flow of equipment and supplies from the port and
beach to the MSE's. They work closely with the NSE's Primary Control Officer (PCO),
who controls the flow of equipment and supplies from the MPSRON to the port and
beach.

b. Landing Force Support Party (LFSP)

The LFSP is an element of the CSSE and is responsible to the AAOG for
the throughput of personnel, equipment, and supplies at the arrival airfield, beach, and
port. The LFSP is made up of the following elements.

(1) Beach Operations Group (BOG). During an instream offload, the
BOG must work closely with the NSE's Beach Party Group, who controls the landing of
lighterages at the beach.

(2) Port Operations Group (POG). During a pierside offload, the POG
must work directly with the ship's debarkation officer to ensure the timely offload of each
ship. |

— (3) Arrival Airfield Control Group (AACG). The AACG must

coordinate with the Air Force to ensure the timely arrival of personnel and equipment.




c.  Arrival and Assembly Operations Elements (AAOE's)

An AAOE is formed for each MSE, and its purpose is to receive
equipment and supplies from the LFSP, depreserve and perform maintenance when

necessary, and pass on usable equipment and supplies to the using units.

B. THE MEU SLICE

1. Overview

The differences between a normal MPF operation and a MEU Slice specific
operation occur during the arrival and assembly phase. The planning, marshaling, and
movement phases are extremely similar independent of which module is being
implemented. When a MEU Slice is employed, it involves only one ship from the
MPSRON, normally the flagship. A secondary ship is designated backup and will be ready
if the flagship is not available. The MEU Slice ship is loaded so that the necessary MPE/S
can be offloaded with the minimal offload of other MPE/S. The equipment required for the
MEU Slice is approximately 120 vehicles, as opposed to the entire load of 384 vehicles. It
requires approximately 150 containers, as compared with the entire MPSRON's

approximately 2,000 containers. (CRM 91-38, pp. D-6, E-2)
2.  Arrival and Assembly

This is the phase where the full MEB MPF Operation and the MEU Slice MPF
Operation differ mostly. For the full MEB Operation, the full MPSRON would be
offloaded in a benign port with much of the material handling equipment provided by the
Host Nation. The offload would most likely; be pierside, with the added possibility of some
MPE/S offloaded instream. For a MEU Slice offload, only part of one ship, normally the
MPSRON flagship, will be offloaded. Additionally, Host Nation support can not be
expected, so the entire offload must be accomplished using organic assets only. Organic
assets include the ship's material handling equipment as well as the MEU Slice equipment.

Additionally, as mentioned previously, the offload of a full MEB MPF will occur, by




doctrine, in a secure port. Experience has shown, as with OPERATION RESTORE
HOPE in Somalia, that the port chosen for offload and throughput may not be totally
secure. The MEU Slice offload and throughput will more likely be similar to
OPERATION RESTORE HOPE than the totally secure port of OPERATION DESERT
SHIELD that doctrine stipulates.
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1. METHODOLOGY

A. SIMULATION

An MPF offload is not a serial process and cannot be easily modeled analytically.
Many events occur simultaneously, such as crane operations aboard ship and LVS / RTCH
operations ashore. Simulation was chosen as the modeling method, using the object
oriented simulation language MODSIM 11, in that it easily allows parallel events to occur.

Previous simulation models have looked at similar aspects of ship offloading. For
example, one previous NPS thesis (Sumner, 1991) modeled container offload while
another (Noel, 1993) considered only vehicles. While these theses were also concerned
wi;ch total offload time, they were not strictly dependent on the organic offload assets.
Noel's model did not consider containers, so the availability of RTCH's and LVS's was
irrelevant, and Sumner's model examined a larger offload of two ships instream. Because
the MEU Slice offload takes much less time than a multiple ship offload, it is much more
sepsitive to errors in assumptions. Therefore, this model has greater fidelity so that
assumptions as to when the LVS's and RTCH's get ashore are unnecessary. Each specific
piece of equipment is modeled, not just generic vehicles and containers. When an LVS or
RTCH get ashore in this model, they become available to move and load containers.

In addition, to eliminate the requirement to develop a new model to study each
aspect of MPF operations (or other similar transportation and mobility problems), the
author, and others, developed a general transportation and logistics mobility modeling and
analysis toolbox (discussed below) and the author developed a MEU Slice offload model
as an extension to it. This extension provides the building blocks for unlimited future MPF

modeling.

B. SMMAT - THE TOOLBOX
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1. Description

The Simulated Mobility Modeling and Analysis Toolbox (SMMAT) is a
collection of objects and processes designed to facilitate the modeling of a transportation
and distribution network. Designed originally to handle problems as diverse as battle
group vertical replenishment, maritime prepositioned ship offload, amphibious (LCAC)
offload, and strategic sealift, it has the flexibility to handle large or small scale problems.
The primary components of SMMAT are junctions, transporters, loaders, and cargo, and
the functions provided to allow them to interact. Within SMMAT, cargo is moved
between junctions by transporters, and is transferred between junction and transporters
with loaders. Delivery can be determined by the route of the transporters, or can be
determined strictly on the basis of cargo destination, with SMMAT choosing the
transporter based on availability and compatibility with cargo, junction, and loader.

| Additionally, all junctions have the ability to act as transporters and all
transporters can act as junctions. This allows a transporter to receive and deliver cargo as
it is transiting. For example, a ship transiting the ocean in a carrier battle group can
resupply with helicopters from the supply ship. The ship is a transporter from port to port,
but it is also a junction of the helocopter. This ability is accomplished through inheritence.
In—MODSIM II, when an object inherits another object, it receives all the capabilities of
the inherited object. Specifically for SMMAT, junctions inherit transporters, so the
junction receives all the capabilities of the transporter, plus the additional capabilities
added for itself. Within SMMAT, all transporters are actually junctions functioning as
tranporters. This allows junctions to move from junction to junction with the ability to
have other junctions moving between them.

SMMAT provides several convenient ways to introduce variability into each
problem, both during the creation of the scenario, and during the simulation itself. During
the creation of the scenario, the number of pieces of cargo at each junction can be varied
according to any number of statistical distributions. Additionally, any appropriate

characteristic of the cargo (e.g., weight, size, volume, height) can be varied for each
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individual piece using the same distributions. During the execution of the simulation,
additional variability is possible by using distributions for load times for each piece of
cargo, as well as by introducing reliability into the loaders and transporters, allowing them
to break at random and be out of action for a variable repair time.

SMMAT also provides the capability to run replications of the scenario as
specified by the user, collecting statistics on any parameter the user is interested in
measuring. Upon completion of the replications, SMMAT also provides tools for

statistical analysis of the total results.
2. Development

The need for a product like SMMAT was conceived by Professor Mike Bailey
and Professor Bill Kemple of the Naval Postgraduate School in January 1994, in order to
provide a product that would allow students to conduct thesis research on logistics
problems on a larger scale than previously possible. SMMAT was developed under their
guidance over a nine month period by LT Tim Wilson, USN, LT Ed Kearns, USN, LT
Bill Roberts, USN, and the author. SMMAT was developed using MODSIM II® (CACI

Products, 1993) on the UNIX workstations.

The development process followed a strict protocol prescribed by Prof. Bailey.
First, each component had to meet the common requirements of the diverse applications
being modeled by the developers. Additionally, each object and process was thoroughly
tested prior to integration into the toolbox.

In order to create a framework allowing the creation of vastly different objects,
a common data file structure was used, with special data handlers tailored to put the
information contained in the data files int6 the proper fields of the object being created.
Once a basic object has been instanciated; it inherits other attributes as is applicable to turn
it into a final object capable of performing the required functions independently.

Interest in SMMAT resulted in an invitation to present at the 1994 CACI
SummerSim Simulation Conference in Washington, D.C. in August, 1994, in which

Professor Bailey and the four developers attended.
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C. THE SCENARIO

For this simulation, a scenario was chosen in which a MEU Slice of the MPF would
offload in support of a humanitarian assistance mission. A MAERSK class ship would
offload instream and anchor approximately five miles from the beach. The setup ashore
would vary as described in the Chapter I. Each COT ashore would be about five miles
inland from the beach. The determination of which elements unload at each COT is a
function of the setup options. All setup options are the same from the ship to the beach,

with the differences becoming evident once ashore. The four options, as described earlier,

are

- Option 1 - 1 COT with 2 RTCH's at the Beach.

» Option 2 - 1 COT with 2 RTCH's at the COT.

Option 3 - 2 COT's with 1 RTCH at each COT and one at the Beach; the CE and
GCE unload at COT1 and the CSSE and the ACE unload at COT2.

. Option 4 - 2 COT's with 1 RTCH at each COT and one at the Beach; the CE, GCE,
and the CSSE unload at COT1 and the ACE unloads at COT2.

Specifics such as quantities, capacities, and sizes of transporters, loaders, and cargo will

be discussed in detail in the following section.

D. THE MODEL FORMULATION

1.  Junctions
Junctions are the center building blocks of SMMAT. The junctions contain
other objects and allow them to interact. Each junction may contain numerous loading and
unloading spots as well as lists of transporters, loaders, and cargo. The main mission of
the junction is to control the flow of the transporters docked at it. Once the junction docks

the transporter, it tells the transporter to unload, load, and depart.
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a. Ships
One ship, from the MAERSK Class, forms the initial junction within this

model. The ship has three unloading spots, one for each crane.
b. Beach Areas

The beach areas form the middle junction within this model. This is
where control shifts from the Navy to the Marine Corps. Within this model, the beach will

be modeled as one junction with one unloading spot.
¢.  Container Operations Terminals (COT's)

A COT is where all of the containers may be stored; within each COT,
the containers are stored by MSE. Each COT will be modeled as an individual junction

with one or two offload spots per COT, depending on the option being modeled.
2. Transporters

The transporters perform the bulk of the work once they are accepted by the
junction. The transporter controls docking, unloading, loading, departing the junction, and
transiting to the next junction. The next destination may be determined by either the
transporter itself or the cargo it has loaded. Each transporter has a list of legal destinations
to- prevent the cargo from taking it to an illegal junction. This prevents, for example,
lighterages from the sea from delivering cargo inland from the beach. Each transporter has
a list of cargo that makes up that load as well as a field for average speed used to

determine transit time.
a. Lightererages

The lighterages used in this model are organic to the one ship that is
being offloaded. They will transport the cargo from the ship to the beach. The ship has
eight causeways, three causeway sections, powered (CSP's) and five causeway sections,
nonpowered (CSNP's). The causeways can be connected in various ways depending on
loads to be carried, but every lighter must contain at least one CSP. The number of

CSNP’S is not limited. A combination of one CSP and two CSNP's would be called a 2+1
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lighter, the "2" signifying the two CSNP's and the "1" signifying one CSP . For this model,
the ships eight causeways will be formed into two 2+1 lighterages and one 1+1 lighterage.
This configuration was chosen due to previous studies, which have found that making all

causeway combinations as alike as possible reduces offload time (CRM 89-339, p. 40).

b. Logistics Vehicle Systems (LVS's)

The LVS's will initially be cargo until they arrive at the beach; once there
they become transporters. The LVS's will transport the cargo from the beach to the
COT's. With only seven LVS's being offloaded within this model, this is expected to cause

chokepoints within the offload.
3. Loaders

The loaders are responsible for moving the cargo from the junction to the
transporter. Each junction has a list of loader types and gives out loaders as the
trénsporters ask for them. No cargo can be unloaded or loaded without first having a
dedicated loader. Each type of loader has specific characteristics that make it unique, such
as maximum load and average cycle time. In addition, each transporter and piece of cargo
have lists of allowable loader types. These lists prevent, for example, forklifts from trying

to load trucks and tanks onto lighterages.
a. Ship's Cranes
Since this model is of an instream offload, the ship's cranes will move all
of the cargo from the ship to the lighterages. Each crane on the ship has a capacity of 30
Tons, which never was a factor in this model because it exceeded any cargo offloaded.
b.  Rough Terrain Container Handlers (RTCH's)

The RTCH's will initially act as cargo until they reach the beach or
specified COT, then they will be able to act as loaders. The RTCH's will move cargo from
the lighterages to the beach, from the lighterages directly to awaiting LVS's, from the
beach to the LVS's, and from the LVS's to the COT's. Since only the three RTCH's being
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offloaded will be used, this is also expected to be a chokepoint and area of concern. The

RTCH allocation is the driving force between the different setup options.
4. Cargo

The cargo is what drives the entire model, yet it is the simplest of all modules.
When all of the containers have been delivered to the COT's, the simulation is complete.
All cargo determined to be necessary for the MEU is initially loaded onto the ship before
the simulation begins. To model the conflict between vehicles and containers for lighterage
space, all vehicles and containers are delivered from the ship to the beach. Once at the
beach, the delivery of containers to the COT's is considered independent of, and more time
critical than, the delivery of the vehicles to the AAOE's. Therefore, the delivery of vehicles
to the AAOE's is assumed to be not necessary and is not modeled in this simulation. Once
the vehicles arrive at the beach, they are removed from the beach's cargo list and are not
considered for delivery inland.

The cargo is being brought into the model with the help of the Computer
Aided Embarkation Management System (CAEMS), a sub-system of MAGTF II Logistics
Automated Information System (LOG AIS). The notional cargo list, with offload priorities
and cargo characteristics, used in this thesis was determined from the analysis of the /stLt
Jack Lummus load plans (a MAERSK-Class ship from MPSRON-3), and from the
recommended changes provided in CMR 91-38, Reconfiguration of MPSRon-3 To
Support The Priority Force Modules. See Appendix A, the listing of the data files used in
the simulation, for the detailed cargo data used; it is provided in the files simstart.dat and

cargo.dat.
5. Randomness

Randomness enters into simulations when the attempt is made to model the
real world. In this model, all processes that could be realistically modeled with
distributions were so modeled, others were modeled deterministically with the best data

available.
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a.  Loading, Unloading, and Transit Times for the lighterages

The Center for Naval Analyses (CNA) has analyzed MPF operations
extensively from the beginning. They have determined through analysis of previous
operational results, that the loading, unloading, and transiting of lighterages follow
lognormal distribution with varying parameters, dependent upon ship class and distances
from the beach (CRM 91-3, p. 26). For this model, the distributions provided for the
loading and unloading of the lighterages were used, with slight modifications, but the
transit distribution was not. The only drawback to using the distributions for loading and
unloading is that they aggregate the individual cargo into one large piece of cargo per
lighterage. The entire lighterage cargo list is loaded or unloaded at the exact same time.
This is not to the level of detail initially planned for this model. This proved to not be a
problem for the loading of the lighterages at the ship, because the lighterage could not
leave the ship until it is full anyway. No realism is lost by aggregating at this point.

Realism would be lost, however, by offloading at the beach in aggregate.
If aggregation was used, numerous pieces of cargo would arrive at the beach
simultaneously for dispersion rather than serially as each lighterage offloaded. It was
decided that a separate unload time for each piece of cargo was needed. In order to have
the lighterage offload times follow the lognormal distribution provided, and still unload
each of n pieces of cargo in a distinct, random length of time, random offload times were
generated as follows:

First, a total lighterage offload time, X, was generated from the lognormal
distribution. ‘

Next, n U[0, 1] random variables, U,, U,, ..., U, were generated. These were
rescaledtoformZ,, Z,, ..., Z_by letting

U= _zn:,Ui and Z;= %‘- $O _Zn:Zi =1
Finally, the individual oﬁlo:d times were formecli_;s
Xi=ZixX,

SO
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2Xi =X.

=

Once the offload time of each individual piece of cargo was found, these new times were
used to determine when each individual piece of cargo was offloaded. This allowed the
RTCH access to the cargo sooner than would otherwise have been possible, and added a
measure of increased realism to the model.

The parameters of the lognormal distribution for transit time were based
upon the specific exercise being modeled. The scenario used in this model was not close
enough to any of the observed exercises for the author to comfortably use the associated
distributions. It was determined fhat it would be better to model the transit time

deterministically, with different parameters for full and empty loads.
b. Loading, Unloading, and Transit Times for the LVS's

The loading, unloading, and transiting times of the LVS's were not as
easily accessible as the lighterage data.

The loading and unloading of the LVS's were determined by the author
to be factors of the RTCH, and not of the LVS itself. These were both modeled with the
same distribution, U ~ Uniform [4, 12], where the parameters are in minutes. This
distribution is based on the authors experience and on Sumner's thesis (1991), and it seems
to satisfy common sense. Firstly, one would expect the loading of the LVS to take a
minimum amount of time, no matter where the container is located in the staging area.
Secondly, one would expect that the loading would take no longer than a certain time, no
matter where the container was located in the staging area. Thirdly, one would expect the
containers to be uniformly distributed throughout the staging area. Therefore, a uniform
distribution is called for. One could possibly dispute the parameters, but by no more than a
minute or so either way, and the author does not feel that this would alter the simulation
results significantly.

Since no recently published data was available for the transiting of LVS's,

it was modeled deterministically with the same parameter for full and empty loads.
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c.  Failure and Repair Times

It is necessary to model failure and repair times because they occur in the
real world. Not modeling them will most likely give overly optimistic results from the
simulation. For the simulation to reveal meaningful results, the reliability input into the
model needs to be accurate. Determining the reliability for the different parts of this
simulation was difficult. Since most models of MPF operations have stopped at the beach,
the author could not find trustworthy reliability data for the LVS and the RTCH from
MPF operations, the reliability data used would have to come from a different source.

The Marine Corps keeps detailed maintenance records of all its
equipment, but it does not provide accurate reliability data. Even though fields exist on the
Equipment Record Orders (ERO's) for mileage, hours, or rounds at the time of

breakdown, no requirement exists that this field be filled in accurately. Therefore, it

normally is filled with "dummy" numbers, such as 00000 or 99999. Trying to use this
information would yield nonsense at best.

The next best solution for reliability information for the LVS and RTCH
was to use the results from the systems' operational test (OT) performed before
procurement of the items. These numbers show how well the systems performed under
various conditions and levels of duress. The disadvantages of this solution are twofold: (1)
very few samples were used for the initial OT's and (2) this reliability represents a new
system, not a system that has been in operation for a number of miles or hours.

Another possibility is to use availability data from OPERATION
DESERT STORM. The advantages of using this data is that it represents units that were
deployed in an actual operation. Additionally, the data is available for all the ﬁnits that
took part in Desert Storm, a very large sample to get data from. The disadvantages are
that this information is provided in availability form only and it does not represent
equipment that has been in storage, as the MPF equipment has been. Even with these

disadvantages, it was determined that this information was the best available. In order to
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use this availability data, assumptions about Mean Time to Repair (MTTR) would have to
be made.

The worst LVS availability in OPERATION DESERT STORM was
93% while the worst RTCH availability was 64% (CRM 91-206, pp. 8, 18, and 36). Using
the basic Availability formula of

A = - MIBE
= MTBF + MTIR »

the MTBF of the LVS is 13.29 times its MTTR and the MTBF of the RTCH is 1.78 times
its MTTR. The RTCH availability from OPERATION DESERT STORM is not consistent
with previous studies, so RTCH reliability was not treated within this thesis (Sumner, p.
39, 1991). This decision will most likely give optimistic results, but should still allow for
the accurate comparison of times among different options. One day was estimated by the
author as the MTTR for the RTCH. Both 93% and 100% availability were looked at
within the model, 100% was used as a baseline with 93% being a lower bound as to what
to expect. Both MTTR and MTBF were modeled using the exponential distribution with 1
day as the parameter for MTTR and 13.29 days as the parameter for MTBF.

6. Data instantiation

The tools used to instantiate the initial data within this model are part of
SMMAT. Six data files are necessary for this toolbox to work. One file is written for the
junctions, junct.dat, one for the transporters, frans.dat, one for the cargo, cargo.dat, and
one for the loaders, load.dat. These files contain the static information about each module.
Additionally, another file, simstart.dat, is written that explains the dynamic relationships
of the modules. It lists each junction with its associated lists of transporters, cargo, and
loaders. The final data file needed is a list of primary junctions, pjname.dat. A primary
junction is a junction which does not belong to a larger junction. In the case of this model,
the primary junctions are the ship, the beach, and the COT's. These primary junctions are
listed in both the primary junction file and in the junction data file. The Lighterages and
LVS's are listed in the transporter data file, the cranes and RTCH's are listed in the loader
data file, and all of the cargo in its detail is listed in the cargo.dat file. The dynamic data
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file includes the ship with its associated transporters, cargo, and loaders. See Appendix A

to view the actual files used for this model.
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IV. DATA COLLECTION AND ANALYSIS

A. BACKGROUND

The experiment for this thesis was conducted as a 2 x 4 full factorial design. Thus,
the simulation model was used to generate data for each of the eight configurations that
resulted from four setup options and two reliability levels. Each run produced 30
replications. The data collected from these runs is included in Appendix B. Table 1 is a
listihg of the mean values from the eight design settings, along with the column means,

row means, and the grand mean.

TABLE 1. SETUP OPTIONS / RELIABILITY MEAN VALUES
Option1 | Option2 | Option3 | Option4 || Row Means
100 % Rel | 5,125.32 | 5,117.36 | 5,151.04 | 5,154.11 5,139.96
93 % Rel | 5,155.37 | 5,159.8 | 5,224.23 | 5,109.7 5,162.28

Column | 5,140.34 | 5,138.58 | 5,187.64 | 5,131.91 5149.62
Means

The data will first be analyzed with a two-factor Analysis of Variance (ANOVA). If factor
effects are found to be significant, further study will be done to identify those differences.
If no significant factor effects can be found, further analysis will be conducted to look for

trends that may indicate possible effects or areas for further study.

B. RELIABILITY LEVEL /SETUP OPTION ANALYSIS

1. Analysis of Variance (ANOVA)

ANOVA was used as to test the significance of reliability level and setup
option. A two-way ANOVA was conducted with the reliability at two levels, 100% and

93%, the setup options at four levels, one for each candidate setup previously mentioned,
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and each cell containing 30 values, one per replication. ANOVA is an especially useful
technique that attempts to attribute the variance in the observations by the level of the

factors. A basic assumption in order to use ANOVA is that each observation can be

expressed as
Xp=prtR+ SO, + I + &y,

fori=1,2;j=1,2,3,4,andk=1,2, .., 30.

X.. is the k™ observation in cell ij,
ijk .]
u is the overall mean,

R, is the effect due to Reliability,
SO; is the effect due to the Setup Option,
I, is the effect due to the interaction of R; and 30, and

&;, is the random error of the k™ observation in cell ij.

g; is normally distributed with mean equal 0 and variance equal o”. Additionally, it is

usually assumed that

2 4
ZRi =0 ) ZSOj = 0,
=1

i=1

2
I;=0fori=1,2,and 2l =0forj=1,2,3,4.
=1

M-

J

The hypothesis for the existence of a reliability effect is
H, :R,=0Vi (there is no reliability effect)
H; : R, =0 for somei (thereisa reliability effect),
for the setup option effect it is
’ H,:SO,=0Vj (there is no setup option effect)
H, : SO, # 0 for some (there is a setup option effect),

and for the interaction effect it is
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H,:I;=0"iandj (there is no interaction effect)

H, : I;# 0 for someiandj (there is an interaction effect).

Table 2 contains the results of the ANOVA. When using ANOVA, one should test for the
interaction effect first; if the interaction effect is significant, no other tests should be done.
Since the F- Statistic of the interaction, 0.2841, is less than the critical F; _ ,, , 2.08, the
null hypothesis for the interaction cannot be rejected. Infinite denominator degrees of
freedom were used for the preceding critical F due to constraints in the F - Table. If a
statistic cannot be rejected with infinite degrees of freedom, it will not be rejected for any
degree of freedom selected for that parameter. Therefore, no interaction effect exists.
Now, testing for reliability and the setup options effects can occur. Since the residual had
232 degrees of freedom, pooling with the interaction to gain fidelity was not necessary.
The F- Statistic of the reliability, 0.3226, and the F - Statistic of the setup options, 0.3598,
are both less than their respective F critical values, 2.17 and 2.08, so neither null
hypothesis can be rejected. It cannot be shown that an effect due to the reliability or setup

options exists.

TABLE 2. TWO WAY ANOVA FOR SETUP OPTIONS / RELIABILITY

Source Degrees of Sum of Mean Square | F - Statistic
Freedom Squares
Reliability 1 38,429 38,429 0.3226
Setup Options 3 128,562 42,854 0.3598
Interaction 3 101,516 33,839 0.2841
Residual 232 27,635,664 119,119
TOTAL 239 27,904172

2.  Graphical Analysis

Boxplots provide another method to see if a factor is different from the rest, as
well as determining certain attributes about the data. These attributes include the median
of the data, the upper and lower interquartiles of the data, the outliers, and symmetry to

name a few. The boxplot allows multiple runs to be compared simultaneously, from all
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eight, to four when the data is pooled by setup option, to two when the data is pooled by
reliability level. (Chambers, and others, 1983, pp. 21-24)

The full boxplot for this experiment, Figure 1, contains eight separate plots,
one for each setup option at each reliability level. From this plot, one can see that no
significant difference exists between any of the eight samples. The confidence intervals, the
inner box within each larger box, overlap so that all eight groups contain similar points.
This is another way of showing no difference between groups. Additionally, a few of the

groups are slightly skewed, but not so as to provide any useful information about the data.

Comparison of Unload and Throughput Times
by Reliability Level and Setup Option
6000 — *
¥ -
g
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=
e HE B
=
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Reliability (%) / Setup Option

Figure 1. Boxplot of the Individual Simulation Runs

C. SETUP OPTION ANALYSIS

The setup option graphical analysis was conducted using a pooled boxplot, Figure 2,
with four plots. This allows for the comparison of setup options without reliability,
assuming reliability is not significant. From the ANOVA, since it cannot be shown that
reliability is a significant factor, this was a valid assumption. Nothing on this boxplot

seems to be meaningful. As noted above, the confidence intervals all contain similar points
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so no significant differences in times can be found. The pooling by setup option did not

show any relationships previously hidden by the data.

Comparison of Unload and Throughput Times
by Setup Option
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Setup Option

Figure 2. Boxplot of the Simulation Runs, Pooled by Setup Option

D. RELIABILITY LEVEL ANALYSIS

1.  Graphical Analysis

The graphical analysis of the reliability levels was conducted using a pooled
boxplot, Figure 3, with two plots. This allows for the comparison of reliability only with
setup option assumed to be not significant. As with the previous plot, the ANOVA
conducted earlier verifies the assumption that setup option is not significant. Again the
confidence intervals overlap so no significant differences can be found between the two
reliabilities. This result is somewhat surprising given the MTTR and MTBF used in the

model.
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Comparison of Unload and Throughput Times
by Reliability Level
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Figure 3. Boxplot Results of the Simulation Runs, Pooled by Reliability Level

Using the assumed MTBF of 13.29 days (or 19,137.6 minutes) and the
assumed exponential failure and repair times, the probability that a specific LVS survives

past the grand mean without failure is approximately equal to
_5149.62
P(X > Grand Mean) = P(X > 5149.62) = (¢" 13760 ) = 0.764 .
Therefore, the probability that all seven LVS's survive past the grand mean is equal to
P(all 7 LVS’s survive) = [P(a specific LVS surives)]” = (0.764)” = 0.152.

Assuming that the operation length is equal to the grand mean mentioned above, 0.152
also equals the probability that all seven LVS's survive an operation. Theoretically, this
shows that the simulation runs the same at 100% and 93% reliability only 15.2% of the
time. Almost 85% of the time, the simulation at 93% reliability was running with less
LVS's than the 100% reliability simulation. Analysis of the simulation output shows the

LVS's were indeed breaking down when set at 93% reliability with about one of the seven
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reaching its failure time before the simulation ended. One could possibly conclude from
these results that the LVS's are not taxed enough in this scenario. The loss of one or two

LVS's for a short time does not seem to slow the system down as expected.

2. Differences in the Mean

In addition to the graphical analysis just discussed, the method of pairwise
differences can be used to test for significant differences due to reliability. This method is
useful because it exploits dependence in the data (e.g. due to setup option effect) to
reduce variance, thus gaining precision. See Appendix C for a listing of differences in time
by reliability level for each setup option. Assuming the difference are normally distributed,

the following hypothesis test can be used:
Ho: Uz(i00) = Hreosy = Ha =0
Ha: Praop = Hresy = Ha# 0,
where
Mg, 1S the mean value of time at 100% reliability,
Hgeos 1S the mean value of time at 93% reliability, and
W, is the difference between them.
Tﬁe test statistic used for this test is Student's # statistic,

d

t=sd/fﬁ H

where the null hypothesis will be rejected if l¢] is greater than the critical t from the

tables. (Mendenhall, Wackerly, and Scheaffer, 1990, pp. 573-575) For this problem,
d, the sample average of the differences, equals -25.26,
s,, the sample standard deviation of the differences, equals 475.223, and

n, the number of samples, equals 120.
This gives ¢ = -0.58227, which results in a two-sided p-value of 0.5687, and leads to a

failure to reject the null hypothesis. Therefore, it cannot be shown that a difference exists
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between Jyo a0d g, - If no difference exists between the means, then it cannot be

shown that reliability tested here has an effect on total offload time.
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

1. SMMAT

The Simulated Mobility Modeling and Analysis Toolbox (SMMAT) was
developed and built by faculty and students of the Naval Postgraduate School, including
the author. It is designed to provide students interested in modeling transportation and
distribution problems with a basic toolbox of object oriented computer modules on which
more specific thesis related simulations could be built.

SMMAT proved to be extremely useful as the toolbox on which the author's
MEU Slice Model was built. Once completed, it provided the author with a steady base on
which to then produce a more specific model. SMMAT's overall usefulness was not taken
advantage of within this thesis. As much as 90% of the time spent writing computer code
for this thesis was spent on SMMAT. Future users of SMMAT will not have that burden.
They will be able to take SMMAT and use it from the start. With this powerful modeling
toolbox now available, they will then be able to study more difficult problems in much

more detail.
2. The MEU Slice Model

An MPF employment is a very delicately balanced operation including elements
of many organizations. The operation can go awry at any time, from the initial planning
phase through the marshaling and movement phases to the arrival and assembly phase. At
no time during this extremely busy operation, is it more hectic than during its final phase,
the arrival and assembly. It is during this phase that the marriage of Marines and their
equipment must occur.

Of all MPF employments, the one most critical to time is the MEU Slice force
module. The MEU Slice allows for the offload of a partial ship in order to support a MEU
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ashore. For this force module, the equipment and supplies must be ashore as rapidly as
possible, but it must be accomplished with only organic lighterages afloat and minimal
RTCH's and LVS's ashore.

The most crucial phase, the arrival and assembly, of this most time sensitive
force module, was looked at in this thesis. Specifically, the instream offload, was examined
as the worst case possible. Different setups ashore were examined in order to determine if
these setup options affected the offload and throughput process. Additionally, two levels
of LVS reliability were examined to see if that too was a factor.

From the eight experiments run, four setup options at two reliability levels
each, using the assumptions and parameters previously listed., it was determined that there
were no significant differences between the setup options or reliability levels, or any
significant interaction between the two. This is not what the author was anticipating. The
model did not bring out the expected difference. There are four possible explanations for
this.

«  The model is not doing what it is supposed to do.

+  The assumptions and parameters are incorrect.

«  The model does not have enough fidelity to capture the effects between the RTCH's
and the LVS's.

« The author could be wrong.

A detailed analysis of the simulation output has verified that the model does
indeed do what it is supposed to do. This eliminates the first alternative from above as a
possibility. It is not as straight forward a pfocess to reach a conclusion on the second and
third alternatives. After rechecking the assumptions and parameters used within the model,
the author has concluded that 100% RTCH reliability may not be a valid assumption.
Other assumptions, however, such as lighterage reliability and transit times, do seem valid.
Although they play a part in the overall simulation results, they are relatively constant for

all setup options, and do not effect which setup option produces the quickest offload.
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Another possibility, that not enough fidelity exists within the model, can only be confirmed
by actually increasing the fidelity and comparing the results. The fourth alternative, that
the author's intuition was incorrect, is a definitely possibility. This can be determined after
the first three alternatives are eliminated. The following recommendations for further study

are offered so that the final three alternatives can be examined more closely.

B. RECOMMENDATIONS

1. SMMAT

In the process of utilizing SMMAT to develop the MEU Slice Model, a few
areas for future refinement were determined. As mentioned earlier, within SMMAT,
junctions inherit transporters. Using this same concept, the author recommends the

inheritance structure shown in Figure 4.

Junction

\V

Transporter

Cargo

Figure 4. Recommended SMMAT Inheritance Structure

This structure puts the cargo as the lowest entity within SMMAT. Every loader will

inherit cargo, so they have the capability to be carried as well as to carry. All transporters
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will inherit loaders, so each transporter has the capability to load and unload itself, as well
as to transit. Each junction will continue to inherit a transporter, so it can receive cargo as
well as deliver it. Without the use of this struct